Developmental coordination disorder HRQoL
RESULTS Adolescents with DCD and ADHD had lower HRQoL on the mood and emotions, school environment, and financial resources scales of the KIDSCREEN-52 than adolescents in the DCD and typically developing groups (all p<0.05). On the Peer Relations Questionnaire for Children, the DCD and ADHD group reported significantly higher victimization compared with those in the typically developing (p=0.030) and DCD (p=0.010) groups. Qualitative interviews among young people with DCD and ADHD revealed feelings of marginalization and victimization. Descriptors such as 'misfits', 'oddballs', 'weird', and 'the rejects' were used to describe themselves.
INTERPRETATION HRQoL and peer relationships are negatively affected in adolescents with

DCD and ADHD.
Health-related quality of life (HRQoL) is a multidimensional concept that commonly refers to subjectively perceived well-being and satisfaction within three broad domains of health: physical, psychological, and social.
1,2 A systematic review on HRQoL in children with attentiondeficit-hyperactivity disorder (ADHD) found that according to parent ratings, HRQoL was significantly impaired in children with ADHD, and associated with the presence of co-occurring disorders. 2 Children with co-occurring developmental coordination disorder (DCD) and ADHD have also been found to have significantly lower HRQoL compared with typically developing children in physical, cognitive, and psychosocial functioning. 3 However, no study has investigated HRQoL in children with DCD only, but because DCD can have profound effects on a number of aspects of children's lives, one could expect that it would affect HRQoL. 4 Young adults with co-occurring DCD and ADHD are at increased risk for mental health problems, criminality, substance abuse, lower educational attainment, and poorer psychosocial functioning than those without coexisting problems. 5 A large European study that assessed multiple factors associated with HRQoL among children and adolescents with ADHD found that the presence of peer problems and emotional problems was strongly associated with poor HRQoL outcomes. 6 Furthermore, a study by Schei et al. 7 found that higher HRQoL was associated with better social resources (e.g. peer relationships) in adolescents with ADHD. The ability to socialize properly and form relationships with peers is compromised in adolescents with ADHD and DCD. 5 However, no research has specifically examined the association between HRQoL and peer relationships in adolescents with DCD and co-occurring DCD and ADHD.
Typically, research on HRQoL and peer relationships in individuals with DCD and ADHD has used self-report or proxy-report (i.e. parent, teacher) rating scales from which quantitative data are abstracted. Qualitative methods, however, could offer insights into the individual experiences and perceptions of adolescents in relation to HRQoL and peer relationships that are not easily accessible through standardized questionnaires.
Given that DCD and co-occurring DCD and ADHD are prevalent in approximately 5% to 6% of the general population, 8 it is striking that there is limited research on HRQoL in adolescents with these disorders. Further, few studies have investigated the associations between HRQoL and peer relationships in these populations. Finally, no research has obtained both quantitative and qualitative data on HRQoL and peer relationships in the same sample of children with DCD and/or ADHD. The primary aim of this study was to acquire a better understanding of HRQoL and peer relationships in adolescents with DCD and ADHD, using both quantitative and qualitative data.
METHOD Participants
Forty-four adolescents aged 11 to 18 years participated. They were recruited from a large cohort study examining the genetics and neurobiology of motor and attention problems in children. Adolescents were classified as typically developing or as DCD, ADHD, or DCD and ADHD based on criteria which are presented elsewhere. 9 Based on these criteria, nine participants were categorized as DCD, 9 ADHD, 10 DCD and ADHD, and 16 typically developing. The mean scores of the participants on the standardized measures that were used to classify them into groups are provided in Table I .
Procedure
One hundred and nine families of adolescents participating in this large cohort study were sent a letter informing them of the study. Two weeks later families were contacted and asked if they were interested in participating. We were unable to contact 18 families and 47 declined participation. Forty-four adolescents completed the questionnaires and 24 participated in an interview. The Conjoint Health Research Ethics Board, University of Calgary approved this study. Written consent was obtained from the parents and the adolescents provided written assent.
Measures
KIDSCREEN-52 Health-Related Quality of Life Questionnaire
The KIDSCREEN-52 is a self-report measure that has been validated for use in healthy and chronically ill children and adolescents aged 8 years to 18 years. 10 It has 10 HRQoL scales: physical well-being, psychological wellbeing, moods and emotions, self-perception, autonomy, parent relation and home life, financial resources, peers and social support, school environment, and social acceptance. Each of the HRQoL scales is composed of three to seven questions. The questions asked about the adolescents' feelings over the last week. Each question was scored on a 5-point Likert scale, with response categories ranging from 'not at all' (i.e. score of 1) to 'extremely' (i.e. score of 5), 'never' (i.e. score of 1) to 'always' (i.e. score of 5), or 'poor' (i.e. score of 1) to 'excellent' (i.e. score of 5). For each scale, the adolescent's scores on the questions were summed and a total raw score was obtained. The total raw score for each scale was then converted to a T score (mean=50, standard deviation=10) as per information provided by the questionnaire developers. 10 A total HRQoL score (total raw scores ranged from 52 to 262) was computed by summing the total raw scores for each HRQoL scale. The KIDSCREEN-52 has high validity and reliability and is the first generic HRQoL instrument to fulfil the standards promoted by the World Health Organization for a child-suitable measure of HRQoL. 10 
Peer Relations Questionnaire for Children
The Peer Relations Questionnaire for Children (PRQ) is a 20-item, self-report questionnaire for children and adolescents aged 8 years to 18 years. 11 It includes three subscales: Bully (six items), Victim (five items), and Pro-social (four items), and five filler items. The Bully subscale assesses whether the individual engages in bullying; the Victim subscale examines whether the individual experiences bullying behaviour; and the Pro-social subscale investigates the individual's engagement in prosocial activities. Each item is scored on a 4-point Likert scale ranging from 'never' (i.e. score of 1) to 'very often' (i.e. score of 4), with higher scores indicative of more bullying, victim, or prosocial behaviour. The adolescent's scores on the items in each subscale were summed to obtain a total raw score. Thus, for the Bully subscale, scores could range from 4 to 24; for the Victim subscale scores could range from 4 to 20; and for the Pro-social subscale the scores could range from 4 to 16.
Semi-structured interview
The semi-structured interview allowed us to explore adolescents' perceptions of various aspects of HRQoL and peer relationships. Initial interview questions were developed using literature on HRQoL and peer relationships. Six health professionals who had expertise in child and adolescent development and developmental disorders provided feedback, which was used to modify the questionnaire. These experts, four undergraduate students, and four adolescents 13 to 18 years of age, reviewed and provided feedback on the modified version. This feedback was used to develop the final interview schedule used in this study (Appendix S1, online supporting information).
Quantitative analyses
Analyses of variance were used to investigate group differences on the mean total KIDSCREEN-52 score, the KIDSCREEN-52 HRQoL subscale T scores, and the What this paper adds?
• Children with developmental coordination disorder (DCD) do not display poorer overall health-related quality of life (HRQoL) versus typically developing controls.
• Having DCD and attention-deficit-hyperactivity disorder (ADHD) was associated with poorer HRQoL.
• Adolescents with DCD and ADHD experience significantly higher levels of peer victimization than typically developing adolescents.
• HRQoL and peer relationships are significantly associated in adolescent respondents.
scores on the PQR subscales. Effect size was assessed using g 2 . Homogeneity of variance was tested for all scales. If unequal variances among groups were detected, Welch F tests were conducted. Dunnett T3 post hoc planned contrasts were performed to investigate whether children in the DCD, ADHD, and DCD and ADHD groups differed significantly from the TD group. Associations among the total KIDSCREEN-52 score and the scores on the PRQ subscales were examined for all participants and by diagnostic group.
Qualitative analyses
Interviews were transcribed and the content analysed by the co-author (AV) to identify and classify participants' responses into categories. 12, 13 The content was coded separately by the first author (DD) to verify the categories. Categories were scrutinized to determine consistency and contradictions, to uncover multiple perspectives of individuals, and to develop an understanding of adolescents' perceptions of their interactions with friends and classmates and the activities in which they engaged. Information from the interviews allowed us to explore differences between adolescents with motor and attention problems and typically developing adolescents. The trustworthiness of findings was augmented by the collection of sufficient data for saturation to occur and an audit trail that detailed the process by which themes/categories were identified and findings were analysed.
RESULTS
Sample characteristics
No significant differences were found between the DCD, ADHD, DCD and ADHD, and typically developing groups with regard to age or sex (Table I) . A significant difference was noted in IQ (F [3, 38] =3.01, p=0.042); however, the assumption of homogenity of variance was violated. Therefore, a Welch F test was run (F[3,18.14] =2.12, p=0.133). No significant differences were noted between the children who participated in the study and those who declined participation (Table SI, online supporting information), and no significant differences were found between those who only completed the questionnaires and those who completed the questionnaires and participated in the interview (Table SII , online supporting information).
HRQoL
No significant groups differences were found on total KIDSCREEN-52 scores (F [3, 40] =2.07, p=0.120, g=0.13) (Table II) . Significant groups differences were found on the HRQoL subscales of mood and emotions (F [3, 40] =3.23, p=0.032, g=0.20), and school environment (F [3, 40] =5.30, p=0.004, g=0.28). Post hoc comparisons indicated that on the mood and emotions subscale, adolescents with DCD and ADHD had significantly lower scores than adolescents with DCD only (p=0.048). On the school environment subscale, the scores of the DCD and ADHD group were significantly lower than those of the DCD (p=0.046) and typically developing (p=0.007) groups. For the financial resources scale, the assumption of homogeneity of variance was violated. A Welch F test revealed a trend towards a significant difference (F [3, 18 .67]=3.12, p=0.051). Dunnett T3 post hoc tests showed that the DCD and ADHD group had significantly lower scores compared with the typically developing group (p=0.010). A trend for significant group differences was found on the Physical Well-Being scale (F [3, 40] =2.22, p=0.109). Exploratory post hoc comparisons revealed that adolescents in the DCD and ADHD group had significantly lower scores than typically developing adolescents (p=0.022).
Peer relationships
For the PRQ Bully and PRQ Victim subscales, the assumption of homogenity of variance was violated; Welch F tests revealed significant group differences on both measures: PRQ Bully (F[3,18 .03]=3.74, p=0.030, g=0.08); PRQ Victim (F [3, 19 .29]=5.04, p=0.010, g=0.21) (Table II) . Dunnett T3 post hoc comparison revealed that adolescents in the DCD and ADHD group had higher victimization scores than those in the DCD (p=0.010) and typically developing (p=0.029) groups; no significant group differences were found for the PRQ Bully subscale. 
Associations between HRQoL and peer relationships
Negative correlations were found between total KID-SCREEN-52 scores, and PRQ Bully (r=À0.35, p=0.023) and PRQ Victim (r=À0.62, p<0.001) scores. A positive correlation was found between total KIDSCREEN-52 scores and PRQ Pro-Social scores (r=0.41, p=0.007). For typically developing adolescents, higher HRQoL was associated with lower scores on PRS Bully (r=À0.61, p=0.012) and PRS Victim scales (r=À0.79, p<0.001). No significant correlations were found for other groups; however, inspection of the correlations revealed that they were in a similar direction.
Semi-structured interview
The responses of the adolescents were categorized into three broad categories: leisure time/school activities, friendship, and popularity/peer victimization.
Leisure time/school activities
The activities that adolescents indicated that they did for fun included sedentary activities (e.g. playing video games, watching TV, reading) and non-sedentary activities (e.g. dancing, playing sports, swimming, skiing). Those in the DCD only and co-occurring DCD and ADHD groups were more likely to report doing only sedentary activities for fun (i.e. 75%); only 25% reported doing non-sedentary activities, whereas 60% of typically developing adolescents and adolescents with ADHD only reported that they engaged in non-sedentary activities for fun. Only a few of the adolescents with motor problems reported being part of a school sports team or participating on an out-of-school sports team (n=4/12) and some reported that at school they were 'the last one to be picked' for teams (14-year-old male, DCD and ADHD; 12-year-old male, DCD) and that they limited their participation during physical education activities:
In gym, if it's dodge ball, they ignore me. Just because I know in fact I can't throw to save my life.
So mostly I just go around collecting the dodge balls and say "dodge balls! Need ammo? Here!".
(12-year-old male, DCD).
Friendship
All participants stated that they had a close friend and the majority of close friends were of the same sex. Participants stated that they told their close friends about things they were struggling with, personal feelings, hopes and dreams, future plans, and fears:
Yeah, I tell them about like my disorders, some of my fears, and also some of my plans. 
Popularity/peer victimization
Popularity among peers was associated with being known by, liked by, talking to, and being friends with many people. Adolescents who described themselves as popular reported belonging to a peer group whose members were accepted by everyone, looked up to, or thought of as 'cool', 'talkative', 'funny', or 'athletic'. They described themselves as being non-exclusive, non-judgemental, nice to/accepting of everyone, easy to talk to, and easy to get along with.
I try to be nice and understanding of what other people are going through and just . . . I try to think of why they. . .why they're acting the way that they are and stuff like that so I think that's why people like me because I can generally relate before I judge and I just like consider what they're going through.
(15-year-old female, typically developing)
Adolescents who described themselves as unpopular reported that they did not have many friends. They described themselves as being perceived by classmates as 'quiet' or 'shy'. Some indicated that they were not accepted by or were excluded by their classmates and that they often felt 'alone', 'lonely', 'ignored', 'left out', or 'marginalized'. Compared with typically developing adolescents, those with DCD, ADHD, or DCD and ADHD voiced these perceptions more frequently.
We're more of the ones that people would probably make more fun of, I guess. Like they don't necessarily want to be around us, but we're still nice to everybody.
[They] just think that we're weird. (14-year-old female, DCD)
A 12-year-old male with co-occurring DCD and ADHD described the members of his peer group as 'the odd balls of the school' and 'a band of misfits'. Another male with DCD and ADHD, aged 14 years, described his peer group as 'the group that's just off to the side . . . sort of the rejects'.
Some adolescents who stated that they were unpopular expressed a desire to be "more popular" because: "it would be nice to at least be recognized for more" (13-yearold female, ADHD), and "so some people would stop bullying me" (12-year-old male, DCD and ADHD) and . . . so some people would stop bullying me.
(12-year-old male, DCD and ADHD).
DISCUSSION
This pilot study found that adolescents with motor and attention problems did not differ from typically developing adolescents in overall HRQoL. Previous research has suggested that the HRQoL of children with DCD and ADHD is poorer than that of children without these disorders. 3, 6, 14 However, much of this literature is based on caregiver proxy reports of school-age children, which may not be generalizable to adolescent populations. Discrepancies between caregiver proxy reports and child self-report have consistently been reported in the research literature.
14 Specifically, parents of healthy children generally rate their children as having better HRQoL than children rate themselves, 15 whereas this trend is reversed in children with health conditions. 16 Proxy reports by caregivers may provide only a partial sense of the overall impact of a condition on HRQoL and for adolescents they may not accurately reflect their perceptions of their HRQoL.
Our findings highlight the importance of examining different dimensions of HRQoL. Although overall HRQOL did not differ among the groups, significant differences were found between adolescents with co-occurring DCD and ADHD, and typically developing adolescents and adolescents with DCD only on scales that assessed psychological and social functioning, and physical health. Adolescents with DCD and ADHD were more likely to report feeling depressed, lonely, and unhappy, to have negative feelings about school, and to feel that they were financially disadvantaged relative to peers. The clinical significance of these findings is supported by the effect sizes found, which ranged from medium to large. In addition, our interview data reinforced these findings; adolescents with motor and attention problems reported feelings of being lonely, being marginalized, and not fitting in with classmates. The finding that adolescents with DCD and ADHD reported lower HRQoL on the financial resources scale is new. It is possible that, because of their disabilities, they are not provided the same level of financial autonomy as typically developing individuals. However, future research with larger samples is needed to determine if this is a consistent concern among adolescents with DCD and ADHD and what could be contributing to lower HRQoL on this scale.
The trend towards lower physical well-being in adolescents with DCD and ADHD compared with typically developing peers is consistent with previous research. 3, 17, 18 It is also consistent with information obtained from our interviews, which revealed that adolescents with motor impairments typically reported doing only sedentary activities for fun and were less likely to report being involved in sports teams.
Peer relationships are an important aspect of HRQoL and negative peer interactions can result in peer isolation and victimization. 19, 20 Research has reported that children with ADHD were more likely to be victimized by their peers. 21 Consistent with this, we found that on a measure of victimization, adolescents with DCD and ADHD had significantly higher scores compared with typically developing peers. It is noteworthy that adolescents with ADHD also had higher scores than typically developing peers; however, this difference did not reach statistical significance, probably owing to a lack of power. Our interview data also revealed that adolescents with co-occurring DCD and ADHD, and ADHD only reported being ignored or left out by peers, and being teased or bullied by classmates.
An adolescent's social status (i.e. popularity) can have a strong impact on his/her self-worth and mental health. 22, 23 Adolescents with DCD, ADHD, and co-occurring DCD and ADHD did not see themselves as popular and described themselves as 'misfits', 'oddballs', and 'weird'. Cocks et al. 24 reported that young males with DCD perceived themselves as not being very popular, having difficulty making friends, and having few friends. In individuals with motor and attention problems, doubts and worry about social capabilities could result in avoidance of or self-exclusion from social interactions, 19 which may have long-term damaging effects on social behaviour and mental health. 19, 20 This is supported by longitudinal research that has reported that individuals with DCD and/or ADHD are at a higher risk for mental health problems in adulthood. 5, 25 In typically developing populations, multiple aspects of adolescents' social relations, including peer group affiliations, peer victimization, friendship quality, and romantic relationships, have been found to be predictors of depression and social anxiety. 20 It has also been suggested that quality of friendships is an important buffer against adjustment problems when peer acceptance and number of friends are low. 26 Research on the effects of social status, peer relationships, and friendships on adolescent mental health in individuals with DCD, ADHD, and co-occurring DCD and ADHD is sorely lacking and urgently needed to inform the development of interventions that support the needs of these populations.
Significant limitations of this pilot study are attrition and the small sample size of each of the participant groups. Of note, the adolescents who participated in the study did not differ from those in the original cohort who could not be contacted or chose not to participate on any of the sample characteristics. However, the findings of this study should be interpreted with caution and may not be generalizable to other populations of adolescents with DCD, ADHD, or co-occurring DCD and ADHD. We recommend that research with a larger sample of adolescents be undertaken to replicate our findings. Another issue that must be acknowledged is the potential bias inherent in the PRQ. It does not cover all domains of peer relationships (e.g. adolescents' experiences of support or praise from friends) but focuses on the adolescents' experiences of victimization, bullying, and their own prosocial behaviours. Therefore, in future research additional domains of peer relationships need to be explored in adolescents with DCD, ADHD, or co-occurring DCD and ADHD. This study is unique as it is the first to use both quantitative and qualitative methods in the same sample to examine the HRQoL and peer relationships of adolescents with impairments motor and attention abilities. It supports previous research that suggests that children with DCD have lower HRQoL and physical well-being, and provides new insights into disorder-specific HRQoL, and peer marginalization and victimization experienced by adolescents with co-occurring DCD and ADHD. Our findings highlight the importance of clearly phenotyping participants' motor and attentional symptoms, as HRQoL and peer relationships may be differentially affected in adolescents with singular versus co-occurring disorders.
In summary, adolescents with co-occurring DCD and ADHD displayed lower HRQoL in areas of psychosocial, cognitive, and physical functioning. Furthermore, they were more likely to experience peer victimization and marginalization. Our interview data revealed that adolescents with motor and attention problems reported limited participation in team sports, unpopularity, and marginalization and victimization by peers. Future research that more fully captures the impact of these disorders and their co-occurrence on the quality of life and peer relationships of adolescents with singular and co-occurring motor and attention problems will inform the development of interventions to improve psychosocial and mental health outcomes in adolescents diagnosed with DCD and/or ADHD.
SUPPORTING INFORMATION
The following additional material may be found online: Table SI : Sample characteristics of participants versus non-participants Table SII : Sample characteristics of participants who completed questionnaires only and those who completed questionnaires and participated in the interview Appendix S1: Interview questions: final version.
